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Abstract 


The purpose of this study was to determine whether hemisphericity and 
learning type are related to concept mapping attributes of preservice and inservice 
teachers. Also, differences in concept mapping by program (i.e., preservice 
elementary/middle school and secondary science teachers and inservice 
elementary/middle school teachers), learning type, and hemisphericity were 
investigated. Hemisphericity and learning type were measured by the 
Hemispheric Mode Indicator and 4MAT Learning Type Measure, respectively. 
Concept maps were constructed by the teachers and scored on a seven attribute 
rubric. Statistically significant intercorrelations were found between 
hemisphericity and learning type as well as between the attributes within the 
concept maps. However, concept mapping attributes did not correlate - 
significantly with hemisphericity and learning type. The ANOVA analysis 
iadicated that the inservice elementary/middle school teachers performed 
significantly better in concept mapping than the preservice elementary/middle 


school and secondary science teachers. 


Purpose of the Study 

The purpose of this study was to determine whether hemispheric mode and leaming type 
are related to concept mapping attributes of preservice and inservice teachers in science methods 
and theory courses. In addition, differences in concept mapping by program (i.e., preservice 
elementary/middle school and secondary science teachers and inservice elementary/middle school 
teachers), learning type or quadrant, and hemispheric mode were investigated. 

Significance of the ‘Study 

Researchers (e.g., Germain, 1993, McCarthy, 1987, 1990; Samples, 1992; Samples & 

Hammond,1985) have indicated that learners have a preferred learning type or mode but should be 


challenged to develop and use other learning modes to perceive and process information. If a direct 
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relationship is found between the learning type and concept mapping, learners should be able to 
construct concept maps with much facility. However, if an inverse relationship between learning 
type and concept mapping is established, concept mapping might provide a viable approach for 
challenging learners to develop non-preferred learning types or modes. 

Related Literature 

Concept mapping as espoused by Novak and Gowin (1984) has its roots in the 
Ausubelian theory of meaningful learning and constructivist epistemology (Novak, 1990). 
Novak and Gowin’s approach to concept mapping requires a hierarchy of concepts linked 
together with meaningful propositions. The differentiation and integration of concepts are 
shown through the branching and cross linking of concepts. Researchers (e.g., 
Beyerbach, 1988; Cleare, 1983; Malone & Dekkers,1984; Novak & Gowin) used analytic 
scoring in which criteria such as propositions, levels or hierarchy, cross links, and 
examples were assessed. Wallace and Mintzes (1990) added branching to the four criteria 
established by Novak and Gowin. 

Researchers (e.g., Cliburn, 1990; Heinze-Fry & Novak, 1990) have shown that 
concept mapping promotes meaningful learning. In addition, Malone & Dekkers (1984) 
and Mason (1992) have suggested concept mapping is an effective instructional tool. 
Horton et al.’s (1993) meta analysis of 19 studies showed that generally concept mapping 
had a medium effect on achievement and a large positive effect on students' attitudes. 

Researchers have studied the interaction of concept mapping and different learning 
attributes. Stensvold and Wilson (1990) failed to find a significant relationship between 
concept mapping and verbal ability. However, they found that the number of valid links on 
a map predicted students' comprehension. Okebukola and Jegede (1988) in a study of the 
effect of cognitive preference (recall, principles, questioning, and application) and two 
learning modes (cooperative and individualistic) on meaningf ul learning through concept 


mapping found that students with a preference for principles had the highest concept 
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mapping mean scores. Secondiy, students working in cooperative groups had significantly 
higher mean scores. 

Hemisphericity, learning types, and learning modalities have been studied by 
researchers such Carbo, Dunn and Dunn, Kolb, McCarthy and Germain, and Samples. 
The Hemispheric Mode Indicator (HMI) and the Learning Type Measure (LTM) developed 
by McCarthy and Germain (1993) were used in this study. McCarthy (1987) suggested 
learners have a preferred mode of learning; however, she has advised that we must 
challenge learners to develop all learning modes by varying our instructional approaches. 
Samples and Hammond (1985) identified five learning modalities (symbolic or abstract, 
visual or spatial, auditory, kinesthetic, and synergic). They stated that students usually 
have a strong preference for one mode even though they express and receive information in 
all five modes. McCarthy's (1987, 1990) exposition of the 4MAT LTM and the HMI 
indicated that the left and night halves of the brain process information differently. Even 
though we usually use both modes when processing information, most individuals 
demonstrate a preference for one mode over the other. The left mode is described as serial, 
analytical, rational, and verbal, whereas the right mode is said to be global, visual, and 
holistic. Students with a left brain preference process information in a systematic and 
sequential manner, but right brain students seek patterns and use intuition, beliefs, and 
opinions. In the 4MAT system she devised a vertical continuum for perception and a 
horizontal continuum for processing information. Superimposed on each other, these 
produced four major learning types or quadrants: Quadrant 1-imaginative learners, 


Quadrant 2- analytic leamers, Quadrant 3-common sense learners, and Quadrant 4-dynamic 


learners. 
Design and Procedures 
Population and Sample 


The convenience sample (N = 58) consisted of 11 preservice secondary science 


teachers and 34 preservice elementary/middle school teachers enrolled in science methods 
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courses and 13 inservice elementary/middle school teachers enrolled in a theory and 
practice course. 

Instruments 

Two inventories were administered to the subjects. The Hemispheric Mode 
Indicator (HMI) measures right and left brain approaches to learning (McCarthy & 

_ Germain,1993). The 4MAT Learning Type Measure (4MAT LTM) (McCarthy & 
Germain, 1993) categorizes learners into four learning quadrants. Quadrant 1, the 
imaginative learners, focus on finding meaning. Quadrant 2, analytic learners, find order . 
Those who experiment are common sense learners, Quadrant 3. The dynamic leamers, 
Quadrant 4, create. 

Included in the HMI are thirty-two bi-polar items for which the subjects have four 
possible choices (i.e., a lot or somewhat under either Column A or Column B of the bi- 
polar items). An example of bi-polar items is intellectual rigor versus imagination. The 
scores on the HMI range between -64 and 64: -64 to -8 indicating left bal preference, -8 
to -2 indicating whole brain favoring left brain preference, -2 to 2 indicating whole brain 
preference, 2 to 8 indicating whole brain favoring right brain preference, and 8 to 64 
indicating nght brain preference. 

The 4MAT LTM consists of two parts used to describe the different ways in which 
people learn. Part A measures learning pice with Part B describing the learner. 
Based upon the responses to the Part A, the learner is categorized in one of the four 
learning quadrants. The quadrant scores range from 15 through 60. Descriptions as 
learners, as leaders, as teachers, and as parents are provided for each quadrant. However, 
for the purposes of this study, only those descriptors of learner will be used. 

From Part B the doing and watching scores are derived. The total doing/watching 
score ranges from -12 to 12 (doing = 1 to 12; watching = -12 to -1). 

Content, construct, and concurrent validities were established on both instruments 


by Excel, Inc. (Germain, 1993). Cronbach's alpha for the four learning quadrants and the 
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Watching/Doing component of the HMI ranged between .835 and .885 except for quadrant 
3, .767. Also established were internal consistency and test-retest reliabilities. 

A rubric (Shaka & Bitner, 1996) was used to score the concept maps. The rubric 
was used to assess the learners’ concept mapping on the basis of seven attributes: 
propositions, hierarchy, branches, differentiation of concepts in each branch, cross links, 
examples, and degree of conceptualization. The scale of the seven attribute rubric ranges 
from 4 through 0 with 4 indicating most complete, valid, and significant attributes and 0 
denoting missing or invalid attributes. The total score possible on the rubric is 28. For the 
rubric and the procedures for establishing interrater reliability, see Shaka & Bitner. 
Procedures 

The HMI and 4MAT LTM were administered to the sample at the beginning of the 
courses. However, the data for the two inventories were not analyzed until the concept 
maps had been constructed and scored. 

__ The three classes received the same instruction on concept mapping (Novak & 
Gowin, 1984) and the nature of science. For the inservice teachers, the nature of science 
was a review. The elementary teachers had constructed language webs, but had not 
constructed concept maps. Few of the secondary teachers were knowledgeable of webbing 
or concept mapping. 

The teachers were instructed to construct a concept map on their beliefs about 
teaching science in respect to what. In the construction of the map, they were advised to 
focus on five broad areas (the branches): (a) processes; (b) broad areas or strands of 
natural science; (c) products or knowledge; (d) attitudes; and (e) SMTEVS (Science, 
Mathematics, Technology, Environment, Values, and Society). They were informed that 
the maps would be scored on whether they were complete and contained valid and 
significant branches, propositions, superordinate concepts, subordinate concepts, a 
hierarchy, examples, and cross links. Each map was scored independently by two 


university professors and then the ratings were discussed and final scores recorded. 
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Statistical Analysis of Data Proced 

SPSS Release 4.1 statistical programs were used to analyze the data. Pearson 
product-moment correlation coefficient was used to determine whether hemisphericity and 
learning type relate to concept mapping attributes. Anova was used to analyze differences 
in concept mapping attributes by program, hemisphericity, doing/watching score, and 
learning type or quadrant. The level of significance was established at p < .05. 

Results 

Presented in Table 1 are the means and standard deviations for all variables. The 
means for concept mapping (with standard deviations in parentheses) for the preservice 
elementary teachers, preservice secondary science teachers, and inservice elementary 
teachers were 13.62 (3.48), 12.36 (3.53), and 20.00 (5.87), respectively. 

Significant inverse correlations between hemisphericity and LTM quadrants 2 and 3 
and significant direct correlations between hemisphericity and LTM quadrants | and 4 were 
found (see Table 2). These findings indicate that positive HMI scores (i.e., right brain) 
relate to quadrant 1 in which learners take in information concretely and process it 
reflectively and quadrant 4 in which learners also perceive information concretely but 
process it actively. The inverse correlations suggest the left brain or negative HMI scores 
relate to LTM quadrant 2 in which leamers perceive information abstractly and process it 
reflectively and quadrant 3 in which the learners take in information abstractly and process 
it actively. The intercorrelations between the HMI and LTM indicate internal consistency. 

Except for the attribute branches, the intercorrelations between the concept mapping 
attributes and the total concept mapping score were significant at p < .01 (sce Table 2). As 
reported in the procedures section, the branches were given to the students prior to the 
construction of the maps. The intercorrelations between the seven attributes on the concept 
map and the concept map total score indicate internal consistency. 

Statistically significant intercorrelations between hemisphericity, leaming type, and 


concept mapping were not found. 


Interactions Between Hemisphericity 8 

The ANOVA for differences in concept mapping scores by program was 
statistically significant in favor of the inservice elementary/middle school teachers, F (2, 
57) = 16.24, p = .000. However, learning type and hemispheric mode did not yield a 
significant difference in concept mapping scores. 

Discussion 

The findings indicate that positive HMI scores (i.e., right brain) relate to Quadrant 1 
in which learners take in information concretely and process it reflectively and Quadrant 4 
in which learners also perceive information concretely but process it actively. The inverse 
correlations suggest the left brain or negative HMI scores relate to LTM Quadrant 2 in 
which learners perceive information abstractly and process it reflectively and Quadrant 3 in 
which the leamers take in information abstractly and process it actively. The 
intercorrelations between the HMI and LTM indicate internal consistency. 

The significant negative correlation between HMI and propositions indicates the 
more negative the HMI score (i.e., more left brain hemisphericity) the higher the score in 
propositions, Except for branches, the same trend was found for correlations between the 
HMI and the other attributes in the concept map; however, they Were not statistically 
significant. The LTM Quadrant 4 learners, those who perceive information concretely and 
process it actively, did not perform well on the proposition aspect of the map. Except for 
branches, the same trend was found for the other attributes; however, they were not 
statistically significant. The intercorrelations between the seven attributes in the concept 
map and between the seven attributes and the total score inidcate internal consistency. 

A plausible explanation for the inservice elementary/middle school teachers 
outperforming the preservice elementary/middle and secondary teachers in concept mapping 
is their prior experience with other schematics diagrams, such as webbing. 
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Table 1 
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Variables M gp M sD M SD M spd 
HMI@ 3.32 1.51 2.64 1.50 2.54 1.76 05 18.31 
Doing> 5.00 4.05 4.91 3.18 6.08 4.27 5.22 3.91 
Watching¢ -6.77 3.73 -7.09 3.18 $5.92 4.27 -6.64 3.72 
D/W Totalt - 1.91 90 1.82 87 1.92 95 98 7.48 
Quad 1¢ 42.12 7.37 42.76 6.05 41.42 7.29 42.12 7.01 
Quad 2 35.65 8.04 37.86 6.77 38.39 7.50 36.59 7.66 
Quad 3 38.06 5.60 39.18 5.22 39.15 8.11 38.35 6.08 
Quad 4 32.24 9.56 32.00 6.50 30.62 8.18 33.00 8.76 
Proposition 2.65 85 2.27 91 3.31 75 2.72 89 
Hierarchy 1.63 65 1.55 69 2.54 1.05 1.81 89 
Branches 3.50 86 3.55 1.04 3.46 1.13 3.50 94 
Differentiation of 

Concepts 1.71 58 1.55 52 2.85 90 1.93 1.81 
Cross links 1.21 .98 1.00 1.00 2.77 1.30 S22. 25 
Examples 1.00 1.89 1.09 94 2.31 95 1.31 82 
Degeect 

pict eae 1.65  .60 136.51 2.69 .95 1.83.82 
Concept Mapping 13.62 3.48 12.36 3.53 20.00 5.87 14.64 5.00 


Note. ny = preservice elementary teachers, n> = preservice secondary science teachers, py = inservice elementary 


teachers. 


Possible score for attributes = 4. Possible total concept mapping score = 28. 


*Possible range = -62 through 64. >Possible range = 0 through 12. ‘Possible range = -12 through 0. 4Possible 


range = -12 


through 12. Possible range = 15 through 60. 
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Main Effects 
Program (A) 
Preferred LTM Quadrant (B) 
AxB 


*p< .0001. 
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Appendix A 
RUBRIC FOR SCORING CONCEPT MAPS 
(Shaka & Bitner, 1996) 


Propositions omplete, lost are Some are Incomplete, peeing or 
eaningful, jmeaningful jmeaningful few are 
and valid. and valid. = fand valid. eaningful. fn caning | 
i al id * . 


Hierarchy 


appropriate, 
eaningful, 


igher level higher level 
of thinking. hinking. 
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